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ABSTRACT 

Reloca t ing  t h e  ATM Contro l  and Display (CCD)  p a n e l  

i n s i d e  t h e  MDA and us ing  t h e  AM s u i t  c o o l a n t  loop t o  c o o l  

t h e  pane l  i s  b a s e l i n e  f o r  t h e  c u r r e n t  AAP/SWS program. The 

C&D pane l  was formerly cooled by a water /g lycol  s o l u t i o n  b u t  

t h e  AM s u i t  loop u s e s  water as  a coo lan t .  The re fo re ,  an  

a n a l y s i s  w a s  conducted t o  compare t h e  performance of water/  

g l y c o l  vs w a t e r  as coo lan t s .  Resu l t s  of t h i s  a n a l y s i s  

i n d i c a t e  water t o  be t h e  more e f f e c t i v e  c o o l a n t  r e l a t ive  t o  

h e a t  t r a n s f e r  f o r  t h i s  p a r t i c u l a r  system. Also,  w a t e r  i s  

shown t o  be more e f f i c i e n t  from pump power and p r e s s u r e  

drop requirements .  
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MEMORANDUM FOR F I L E  

I n t r o d u c t i o n  

Cur ren t  p l a n s  fo r  t h e  Sa turn  V Workshop 
plzce the ATM C&I! p a n e l  i n s i d e  t h e  MDA. Since  t h e  C&D 
pane l  w a s  former ly  cooled  by t h e  LM which i s  no longe r  a 
p a r t  of t h e  p r e s e n t  assembly, ano the r  means of coo l ing  t h e  
pane l  i s  r e q u i r e d .  I t  was recommended i n  Reference 1, and 
f u r t h e r  cons idered  a t  a meeting a t  MSFC on August 6 and 7 ,  
1969  (Reference 2 ) ,  t o  cool t h e  C&D pane l  w i t h  water from 
t h e  AM s u i t  loop.  S e v e r a l  f a c t o r s  i n  f avor  of t h e  use  of 
t h e  AM s u i t  l oop  a r e :  

1. 

2 .  

3 .  

Presence  of  a G e m i n i  ground cont ro l  hea t  
exchanger i n  t h e  AM STS which can be 
plumbed i n t o  t h e  AM c o o l a n t  loop  downstream 
of  t h e  STS cab in  hea t  exchangers.  

S i m p l i c i t y  of  s e r v i c i n g  t h e  C & D  pane l  from 
e i t h e r  s u i t  coo lan t  loop  i n  t h e  AM STS by 
means of a p p r o p r i a t e  f l e x  l i n e s .  

Analys is  i n d i c a t e s  t h e  AM s u i t  c o o l a n t  loop 
has  t h e  c a p a b i l i t y  t o  handle  t h e  a d d i t i o n a l  
C&D heat load .  

F igure  1 i s  a diagram of t h e  proposed i n t e g r a t i o n  
of t h e  C&D panel  w i t h  t h e  AM c a o l a n t  loop. A s  shown, a f l e x  
l i n e  i s  a t t a c h e d  j u s t  upstream of  t h e  s u i t  heat  exchanger 
water loop  t o  t h e  G e m i n i  ground h e a t  exchanger.  Thereby cool- 
a n t  w a t e r  i s  provided t o  t h e  C&D panel  i n  t h e  MDA and i s  
r e t u r n e d  t o  t h e  s u i t  pump and r e s e r v o i r  by means of t h e  other 
f l e x  l i n e  shown i n  F igu re  1. 
des igned  fo r  a w a t e r  g l y c o l  s o l u t i o n ,  t h e  e f f e c t  of us ing  
wa te r  a s  a coo lan t  w i l l  be  analyzed. 

S ince  t h e  C&D pane l  i s  p r e s e n t l y  

I n  o r d e r  t o  e v a l u a t e  t h e  performance of water  r e l a t i v e  
t o  t h e  water g l y c o l  mix tu re ,  a comparison was made between t h e  
c o o l a n t  flow power requirement f o r  water  v s  water /g lycol  t o  
ma in ta in  e s s e n t i a l l y  t h e  same panel  tempera ture .  I n  t h i s  case 
a br ief  a n a l y s i s  was conducted us ing  an i d e a l i z e d  thermal/  
f l u i d  model. 
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P r e s e n t  Thermal/Fluid Cons idera t ions  

The CCD pane l  i s  designed f o r  t h e  fo l lowing  condi- 
t i o n s  p e r t i n e n t  t o  t h i s  a n a l y s i s  (Reference 3 ) .  

1. Inpu t  tempera ture  = 53'F 

2.  

3. F l u i d  = 35% g l y c o l :  65% wa te r  (by weight)  

Flow rate = 2 2 2  W h r  (111 l b / h r  i n  each of t w o  t ube  p a s s e s )  

4 .  M a x i m u m  p r e s s u r e  drop = 3.5 p s i  

5. A l l  pane l  temperatures  <105OF 

6 .  E f f e c t i v e  average panel  tempera ture  comfor tab le  
t o  crew. 

The Air lock  Module (AM) s u i t  loop  f lows between 
200-250 l b / h r  water c o o l a n t  i n  each of two loops.  S ince  t h e  
s u i t  c o o l a n t  pump can d e l i v e r  222  l b / h r  f o r  t h e  p r e s s u r e  drop  
encountered i n  t h e  C&D panel ,  a comparison w i l l  be made between 
water and water /g lycol  a t  the  same c o o l a n t  f low ra te  and cool-  
a n t  h e a t  

1. 

2 .  

3 .  

4 .  

5. 

ga in .  

An i d e a l i z e d  f l u i d  thermal  model w i l l  be  used wherein: 

Assumed water /g lycol  and w a t e r  system pumps have 
i d e n t i c a l  e f f i c i e n c i e s .  

Flow r e s i s t a n c e  loss assumed t o  be a f u n c t i o n  o f  
flow l e n g t h ,  i . e . ,  no c o n s i d e r a t i o n  t o  d i s c h a r g e  
c o e f f i c i e n t s  or geometry loss.  

For Reynold numbers < 2 0 0 0  t h e  f l o w  i s  i s o t h e r m a l ,  
l aminar ,  and Nusselt-number = 4 . 4  (Reference 4 ) .  

For Reynold numbers > 2 1 0 0  t h e  flow i s  i n  t r a n s i t i o n  
and approaching t u r b u l e n t  and McAdams p i p e  f low 
equa t ion  p r e d i c t s  t h e  coo lan t  h e a t  t r a n s f e r  c o e f f i c i e n t .  
(Reference 5) 

AM c o o l a n t  temperature  (Coolanol 15)  i s  60'F. This  
i s  an e s t ima ted  coo lan t  tempera ture  o u t  of  t h e  STS 
h e a t  exchangers which provide  t h e  coo l ing  f o r  t h e  
w a t e r  s u i t  loop as proposed i n  Reference 1. 
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6 .  Assumed c o o l a n t  tub ing  e f f e c t i v e  h e a t  t r a n s f e r  
2 a r e a  = 1 f t  . 

7. Assumed Gemini ground coo l ing  h e a t  exchanger 
d e l i v e r s  w a t e r  cooled t o  61°F .  

R e s u l t s  

I t  i s  e s t i m a t e d  t h a t  use  of  water f o r  coo l ing  t h e  
C&D panel  a s  compared wi th  water /g lycol  can r e s u l t  i n  a 
power demand of 78% of t h e  p r e s e n t  requirement  f o r  water/ 
g l y c o l .  The d e t a i l e d  d i f f e r e n c e  i n  f l u i d / t h e r m a l  performance 
i s  g iven  below: 

Coolant  
Water 
Water/Glycol 

Flow 
Panel  Coolant Panel  Coo lan t  Ave Coolant Tubing R a t e  
I n l e t  Temp OF O u t l e t  Temp O F  W a l l  Temp O F  AP l b / i n  l b / H r  

6 1 . 0  65.7 65.5 1.5 2 2 2  
53.0 58.5 73.6 2 .0  2 2 2  

The average coolan t  w a l l  t empera ture  r e p r e s e n t s  
a good index of t h e  performance of t h e  coo lan t  re la t ive  t o  
t h e  r e s u l t a n t  pane l  temperature .  From t h e  d a t a  above i t  i s  
seen  t h a t  even though a h igher  c o o l a n t  temperature  i s  used 
f o r  t h e  w a t e r ,  t h e  pane l  temperature  w i l l  be s e v e r a l  deg rees  
c o o l e r  than  i n  t h e  case of t h e  water /g lycol  c o o l a n t .  The 
major reason f o r  t h i s  d i f f e r e n c e  i s  t h a t  t h e  water c o o l a n t  
i s  i n  a t r a n s i t i o n  flow regime whereas t h e  wa te r /g lvco l  i s  
e s s e n t i a l l y  a l l  laminar  flow. Th i s  d i f f e r e n c e  i n  f low regime 
r e s u l t s  i n  t h e  water having approximately an o r d e r  of magni- 
t u d e  h i g h e r  h e a t  t r a n s f e r  c o e f f i c i e n t  than  i n  t h e  case of 
water /g lycol .  The e f f e c t  of t h e  change i n  t h e  h e a t  t r a n s f e r  
c o e f f i c i e n t  i s  apparent  from t h e  b a s i c  equa t ion  f o r  h e a t  
t r a n s f e r  t o  a s u r f a c e .  

9 =  
where  

q =  
h =  
A =  
AT = 

hA AT 

2 
Heat f l u x  (BTU/hr ) 
Heat transfer CoefficientDTU / F t  H r .  OF ) 
Area g t 2 )  
Temperature d i f f e r e n c e  between c o o l a n t  and 
w a l l  ( O F )  
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Therefore ,  f o r  t h e  same h e a t  f l u x  t r a n s f e r r e d ,  t h e  h i g h e r  
water h e a t  t r a n s f e r  c o e f f i c i e n t  resul ts  i n  a smaller t e m -  
p e r a t u r e  d i f f e r e n c e  between the  w a l l  and c o o l a n t  a n d , i n  
t h i s  c a s e , g i v e s  a lower average w a l l  t empera ture  compared t o  
wa te r /g lyco l .  From t h e  h e a t  t r a n s f e r  s t andpo in t ,wa t&r  
i s  t h e  more e f f e c t i v e  coolan t .  

I t  should a lso be noted t h a t  t h e  pump p r e s s u r e  
drop and power r e q u i r e d  a r e  s i g n i f i c a n t l y  less for t h e  
water coo lan t .  Therefore ,  from t h e  s t a n a p o i n t  of t h e  
lower power r e q u i r e d ,  and the  smaller pump p r e s s u r e  drop  
t o  accomplish e s s e n t i a l l y  the  same c o o l i n g ,  it appears  
t h e  w a t e r  i s  a more e f f i c i e n t  c o o l a n t  tnan t h e  w a t e i j  
g l y c o l .  

F reez ing  Problem 

The only  apparent  problem f o r  us ing  water i n  t h e  
C&D panel  would be t h e  p o s s i b i l i t y  of t h e  w a t e r  f r e e z i n g  
i n  t h e  pane l  dur ing  s t o r a g e .  However, e l e c t r i c a l  h e a t e r s  
a r e  provided on t h e  w a l l s  of t h e  AM t o  r a i s e  w a l l  t empera tures  
t o  a more t o l e r a b l e  l e v e l  d u r i n g  s t o r a g e  and a l s o  p reven t  
f r e e z i n g  of t h e  water  i n  t h e  C&D panel .  

Analvs is  

I d e a l l y  t h e  power requirement  f o r  an  incompress ib le  
f l u i d  ( coo lan t )  can be expressed:  

P = C A P  

P = Power ( l b - - f t / s e c )  

C = Volumetric flow r a t e  ( f t  /set) 3 

AP = Pump p r e s s u r e  drop  ( l b / f t  2 ) 

o r  

AP W p = -  
P 

where : 

= Flow r a t e  ( l b / s e c )  

p = Flu id  d e n s i t y  ( l b / f t  3 ) 
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A s imple  comparison between two f l u i d s  can be  made 
by d i v i d i n g  t h e  i n d i v i d u a l  power requi rements  t o  o b t a i n :  

- -  PI - w1 p 2  Apl 

p2 \q2 p 1  AP2 

Comparing t h e  f l u i d s  a t  t h e  s a m e  f low r a t e  w e  o b t a i n  t h e  fol low- 
i n g  s imple  power ra t io :  

The p r e s s u r e  drop f o r  t h e  two f l u i d s  occur s  due t o  
i r r e v e r s i b l e  losses w i t h i n  t h e  system, i . e . ,  f r i c t i o n .  I t  
i s  assumed, f o r  o u r  case, t h a t  t h e  t o t a l  f r i c t i o n  loss i s  
mainly due t o  l i n e  f r i c t i o n  which i s  expressed  by t h e  Fanning 
e q u a t i o n  f o r  i so the rma l  flow i n  smooth t u b e s  as: 

f = F r i c t i o n  f a c t o r  (d imens ionless )  

V = Line v e l o c i t y  ( f t / s e c )  

D = Tube diameter  ( f t )  

L = Tube l eng th  ( f t )  

The f r i c t i o n  f a c t o r  i s  s t r o n g l y  in f luenced  by t h e  
flow regime which i s  a func t ion  of  Reynolds number. Fo r  a 
d iameter  of 0 . 2 4 2  inches  and a flow r a t e  of 111 lb /hr  t h e  
Reynolds number of t h e  water /g lycol  i s :  

R = 1 , 0 8 2  @ 7 0 ° F  
w 9  e 
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For t h e  same c o n d i t i o n s  t h e  Reynolds number of  t h e  water is: 

R = 2 , 9 1 0  @ 70°F 

Based on a w e l l  e s t a b l i s h e d  c r i t e r i o n  o f  Re 52000  f o r  laminar  

f l o w  and Re > 4 0 0 0  fo r  t u r b u l e n t  f low, it appears  t h e  water/ 
g l y c o l  i s  laminar  whereas t h e  w a t e r  i s  i n  t r a n s i t i o n .  

- 

Combining t h e  equa t ions  expres s ing  t h e  f r i c t i o n  
factor  wi th  t h e  Fanning equat ion  w e  have f o r  laminar  flow: 

and fo r  t r a n s i t i o n  flow Re % 3 , 0 0 0  

2 

- 0.1306 - ApW - 
L 0 . 2 2 8  

gow DRe 
w 

(Reference 5)  

S u b s t i t u t i n g  t h e s e  equat ions  i n t o  equa t ion  1 g i v e s :  

Equation 4 r e p r e s e n t s  a s imple mathematical  model fo r  
e s t i m a t i n g  t h e  power r a t i o  of t h e  water /g lycol  and water system. 
Dividing equat ion  2 by 3 w e  can estimate t h e  pump p r e s s u r e  drop  
r a t i o  as: 

Reo .  228 
ApW P W  W 

ApW 
2 = 245 

'wg Re 
wg 

(5) 
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The e f f e c t i v e n e s s  of t h e  c o o l a n t  i s  determined from 
an estimate of  t h e  average coo lan t  t ube  w a l l  t empera ture  f o r  
t h e  peak coo l ing  load  requirement.  The e q u a t i o n  d e s c r i b i n g  
t h e  h e a t  t r a n s f e r r e d  from t h e  w a l l  t o  t h e  c o o l a n t  i s :  

1 
ave - Tb q = hLA (T  

Wave 

where 

= Peak h e a t  l oad  (BTU/hr) q 

= Coolant h e a t  t r a n s f e r  c o e f f i c i e n t  hL 
(BTU/ft2-hr- OF) 

2 A = E f f e c t i v e  h e a t  t r a n s f e r  area ( f t  ) 
2 (assumed 1 f t  ) 

= Ave.tube w a l l  temperature( 'F)  
ave TW 

= Ave. coo lan t  bu lk  tempera ture(  OF.) 
ave Tb 

The average c o o l a n t  bulk temperature  can be found f r o m  a s imple 
energy ba lance  as: 

q = & C p A T  

q + 2 G C T i  - - 
2G c ave Tb 

P 

where : 

G = Coolant f low ra te  ( l b / h r )  

C = Coolant s p e c i f i c  h e a t  (BTU/lb-OF) 

q = Peak hea t  l oad  (BTU/hr) 

Ti = Enter ing c o o l a n t  tempera ture  ( O F )  

P 

(7) 
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The h e a t  t r a n s f e r  c o e f f i c i e n t  f o r  f u l l y  developed laminar  
p i p e  f l o w  i n  t h e  case of t h e  water /g lycol  is:  

h = 4.4K 
D 9 (Reference 4 )  

where 

K = Coolant thermal  c o n d u c t i v i t y  ( B T U / f t  h r  OF) 

D = Coolant t u b e  i n s i d e  diameter ( f t )  

For t h e  case of t r a n s i t i o n  p i p e  flow wi th  a P r a n d t l  number 
< l o  M c A d a m s '  equa t ion  c a n  be used, (Reference 5 ) .  

where 
l b  - h r  

f t  u = Coolant v i s c o s i t y  

c u  
K = P r a n d t l  Number < 1 0  

U t i l i z i n g  equat ions  6-9 ,  t h e  average  c o o l a n t  t ube  
w a l l  t empera tures  are c a l c u l a t e d  fo r  t h e  water /g lycol  and w a t e r .  
These tube  w a l l  temperatures  approximate an average lower l i m i t  
pane l  t empera tu re , s ince  thermal  conduct ion f r o m  t h e  e l e c t r o n i c  
components would r e s u l t  i n  h ighe r  panel: t empera tures .  The 
re la t ive d i f f e r e n c e  i n  tube  w a l l  t empera ture  provides  t h e  b a s i s  
f o r  t h e  coo lan t  comparison on page 3.  

D. G .  Miller 

Attachments 
References 
F igu re  1 
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